Two supercoiled circular DNAs, B-1 and B-2, found in mitochondria of cytoplasmic male sterile rice were cloned into pUC 12. Using these plasmids as probes, we examined the organization of mitochondrial and nuclear DNA with respect to sequences homologous to B-1 and B-2. Strains of rice which exhibit cytoplasmic male sterility (cms) contained the two free plasmids not only in the mitochondrial fraction, but also in the nuclear fraction as open circular forms. These DNAs were no longer apparent in preparations of either mitochondrial or nuclear DNA from cytoplasmically reverted strains which were generated by treatment of a cms strain with EMS. Hybridization with restriction fragments revealed the presence of various sequences homologous to B-1 and B-2 in the mitochondrial genomic DNA of high molecular weight and also in the nuclear chromosomal DNA, both in cms strains and in the normal strain. However, the patterns of hybridization of restriction fragments from the cms strains and the normal strain were clearly different. The reversion to fertility resulted in not only the loss of the free plasmids, but also the disappearance or reduction in levels of some of the mitochondrial and nuclear sequences homologous to B-1 and B-2, as well as the appearance of new, nuclear, homologous sequences which were not present in the original cms strain, so that the revertant strain had the same characteristics as the normal strain. Involvement of the free plasmids and rearrangements of mitochondrial or nuclear DNA in the etiology of cytoplasmic male sterility are discussed.
INTRODUCTION
Cytoplasmically inherited male sterility (cms) is widely observed in higher plants. Evidence is accumulating that the mitochondrial genomes are the major genetic determinants of this maternally inherited trait. Plasmidlike DNAs have been isolated from mitochondria in the male sterile cytoplasm of a number of species (Pring et al. 1977; Kemble and Bedbrook 1980; Powling 1981; Palmer et al. 1983; Nikif orova and Negruk 1983; Ricard et al. 1986; Wahleithner and Wolstenholme 1987) . In maize, in particular, extensive molecular analysis of cms has included investigation of the relationship of this trait to the presence of plasmid-like DNAs of low molecular weight, and to the organization of the mitochondrial genome Schardl et al. 1984 Schardl et al. , 1985 Bedinger et al. 1986; Braun et al. 1986 ). However, a definitive biological role for such plasmids as causative agents of cytoplasmic male sterility has not been established (cf. Mulligan and Walbot 1986) . In rice, a case of cytoplasmic male sterility was identified by Shinjyo and Omura (1966) . Shinjyo (1969) found that the cytoplasmic male sterility was suppressed by a nuclear restoration gene Rf1, and he produced the isogenic BT lines with the genetic background of Taichung 65 by repeated backcrossing. Yamaguchi and Kakiuchi (1983) identified two small mitochondrial DNAs, B-1 and B-2, in the BT cytoplasm of male sterile rice, and showed that these DNAs were absent from normal fertile cytoplasm. Nawa et at. (1985) reported that the two plasmid DNAs consisted of covalently closed circular (ccc) molecules. When the male sterility is cytoplasmically reverted to fertility, some chages in B-1 or in B-2 would be expected if these plasmids are the molecular components responsible for male sterility. Since no spontaneous reversions to fertility have been reported to arise from BT lines of rice, we produced revertants to male fertility by treating the BT lines with mutagens.
In addition to a possible role of the free plasmids, it is also possible that the organization of these DNA sequences in either mitochondrial genomic DNA or nuclear chromosomal DNA is related to cytoplasmic male sterility. Therefore, the entire sequences of B-1 and B-2 were cloned in the plasmid pUC 12 and, using these clones as probes, we examined the organization of mitochondrial and nuclear DNA from cms strains with or without the restorer gene, from the normal strain, and from revertants of a cms strain, with regard to sequences which hybridized to B-1 and B-2.
MATERIALS AND METHODS

Plant Materials
The seed stocks, (cms-boro) Rf 1R f 1 and (n-boro) r f 1r f 1, were originally obtained from Dr. Shinjyo. Seeds of (cms-boro) r flrf 1 were generated by crosses of these strains. Etiolated seedlings were grown on a nylon net just immersed in water in a plastic box at 30°C for 7-8 days in the dark. Callus was prepared by a modification of the method of Yamaguchi and Kakiuchi (1983) . The glumes were removed from ten seeds and the seeds were then sterilized with 5 % sodium hypochlorite and inoculated into 50 ml B-5 medium supplemented with 0.01 mM 2,4-D and 0.5% nutrient broth (Dif co) in a 100 ml conical flask. Calluses of 4-6 weeks of age which had been kept in the dark at 30°C were used for preparation of DNA. Subcultures transplanted serially after 4-6 weeks into fresh medium were also used.
Preparation o f DNA Mitochondrial DNA from seedlings or callus cells was prepared by a modi-fication of the method of Yamaguchi and Kakiuchi (1983) . Etiolated shoots were homogenized in Mannitol-iris buffer with a mortar and pestle. Callus cells were homogenized in the same buffer in a homogenizer operated at moderate speed. Mitochondria were fractionated from the filtrate by repeated centrif ugations. DNA was extracted from the sarkosyl-pronase lysate of the mitochondria, and purified by extractions with phenol-chloroform and precipitation in ethanol.
To isolate nuclei from callus cells, the cells were broken in Mannitol-Tris buffer in a homogenizer operated at low speed. The homogenate was filtered through two layers of nylon cloth before centrifugation at 700 X g. The pellet was resuspended in the homogenization buffer to which 1 % Triton X-100 had been added, and recentrif aged at 700 x g. This resuspension and recentrif ugation step was repeated once again. The pellet was resuspended in a small volume of homogenization buffer which contained 40% metrizamide, and layered onto a discontinuous step gradient of 40% and 50% metrizamide in homogenization buffer. After centrifugation at 15,000 X g, the nuclei banded at the interface between the 40 % and 50 % solutions of metrizamide were collected and washed twice by suspension in homogenization buffer and centrifugation. DNA from the nuclei was extracted by the method described above for mitochondrial DNA.
Although the mitochondrial and nuclear DNAs were subjected to electrophoresis without additional treatment for analysis of the free plasmids, the DNA was further purified on a column of NAGS PrepacTM (BRL) before digestion with restriction enzymes. In the case of DNA extracted from cros strains, the free plasmids were eliminated by electrophoresis on 1 % agarose gels. DNA of high molecular weight was electroeluted from the gels, and was then purified on a NAGS column.
Cloning of B-1 and B-2
Mitochondrial DNA extracted from callus cells of cros strains was centrifuged to equilibrium in CsCI-ethidium bromide gradients. The closed circular DNAs were recovered from the lower band. B-1 (2.2 kb) and B-2 (1.5 kb) were separated on agarose gels, electroeluted, and then purified on a NACS column.
B-1 was digested with Hinc II to produce one linear DNA of length 2.2 kb, and the linear DNA was purified by electrophoresis of agarose gels. The mixture of the linear B-1 DNA and pUC 12 (2.7 kb), which had previously been digested with Hinc II and dephosphorylated with calf intestinal alkaline phosphatase (Maniatis et al. 1982) , was incubated with T4 DNA ligase and then transformed into E, coli JM103 cells, which had been made competent by treatment with CaCl2. The cells were plated on L-broth agars which contained Xgal, IPTG and ampicillin.
Plasmid DNA was extracted from a number of white, ampicillin-resistant transf ormants by the boiling method, and subjected to analysis by electrophoresis on agarose gels. A clone (pSN-1) carrying a plasmid of the expected molecular weight of 4.9 kb was obtained. Digestion by Hinc II of the plasmid DNA produced two fragments, of length 2.2 kb and 2.7 kb. The 2.2 kb DNA, which consisted of the entire sequence of B-1, was purified by electrophoresis on agarose gels and used as the B-1 probe. B-2 was partially digested with Xba I, since B-2 had two restriction sites. A linear fragment of length 1.5 kb was purified by electrophoresis on agarose gels and cloned into a Xba I site of pUC 12, by the same method as used for cloning of B-1. A clone (pSN-2) carrying a plasmid with the expected length of 4.2 kb was obtained. Plasmid DNA extracted from the clone was double digested with BamH I and Hind III, to produce DNA of 1.5 kb in length, which consisted of the complete B-2 sequence with several bases derived from pUC 12 at each end. This DNA was purified by electrophoresis on agarose gels and used as the B-2 probe.
Electrophoresis and hybridization
Electrophoresis on agarose gels was carried out in Tris-acetic acid-EDTA buffer, in the mini-gel electrophoresis system `Mupid' (Advance Biof actures Corp.). DNA in agarose gels was transferred to nitrocellulose filters by the procedures of Southern (cf. Maniatis et al. 1982) . Biotin-labeled cloned B-1 or B-2 was used as probe. Preparation of the biotin-labeled probes by nick translation, hybridization of the probes to the target DNA, and visualization of the probe-target hybrid were performed according to the procedures described in the Instruction Manual from BRL.
3, RESULTS
Cytoplasmically reverted strains
In the experiments designed to generate a fertile revertant from a cms strain, seeds of (cms-boro)rf1rf1 were treated with gamma-rays of various intensities, or with ethylmethanesulphonate (EMS) or acridine orange at various concentrations. Two fertile plants were obtained from among 6,500 EMS-treated seeds. These plants, designated 80-1 and 81-3, were found to have reverted from cms to the normal state with respect to cytoplasmic factors. When these revertants were crossed as pollen parents with the original cms strain, the plants in the F1 generation were completely sterile. However, when these revertants were crossed as pollen parents with (n-boro)rflrf1, the plants in the F1 generation were fertile. Thus, these strains were (rev-boro)rflrf1, and not (cms-boro) Rf 1rf 1 or (cms-boro) Rf 1Rf 1. Treatments with gamma-rays and acridine orange have produced no revertants thus far.
Cloning of B-i and B-2
In order to study the distribution of sequences homologous to B-1 and B-2 in mitochondrial and nuclear DNA from strains which carry the cms trait and from strains with normal and reverted cytoplasms, either in free or integrated forms, it was necessary to prepare probes which were completely pure. These probes were obtained by cloning the entire sequences of B-1 and B-2 in the plasmid pUC 12, as described in "Materials and Methods". Cloned pSN-1 and pSN-2 contained the complete sequences of B-1 and B-2, respectively. The cloned B-1 probe hybridized efficiently to the native B-1 extracted from cms strains but only faintly to the B-2 DNA; the cloned B-2 probe hybridized efficiently to the native B-2 but only faintly to the B-1 DNA. These results indicate that some degree of homology exists between the sequences of B-1 and B-2.
Plasmids in mitochondrial and nuclear DNA DNAs extracted from the mitochondria of (cms-boro) rf 1rf 1, (cms-boro) Rf 1Rf 1, (n-boro)rflrf1, and of the two revertants, 80-1 and 81-3, were subjected to electrophoresis on agarose gels without prior digestion by restriction enzymes. Fig. 1 . Electrophoresis on agarose gels of preparations of mitochondrial DNA from male sterile, fertile and cytoplasmically reverted rice, a, Ethidium bromide-stained gel, b, Southern blot of the same gel after hybridization with a B-1 probe. 1, lambda DNA double digested with Hind III and EcoR I to provide markers of 21.2, 5.1, 4.27, 3.52, 2.02, 1.91, 1.58, 1.38, 0.95, 0.83, 0.56 kb (from the top) ; 2, a mixture of B-1(ccc +oc) and B-2 (ccc+oc) extracted and purified from cms strains; 3, a mixture of 8 ng each of B-1(l) and B-2(l), prepared from clones as described in "Materials and Methods" ; 4-8, preparations of mitochondrial DNA from (cms--boro) r f 1r f 1(4), (cmsboro)R f 1R f 1 (5), (n-boro) r f 1r f 1 (6), revertant 80-1(7) and revertant 8i-3(8); 9-10, mitochondrial DNA, free of low molecular weight DNAs, from (cms-boro) r f 1r f1 (9) and (cms-boro)R f 1R f 1(10). About 2 ~g of DNA were loaded on the gel in lanes 4-10.
The B-1 probe hybridized to DNA of low molecular weight from strains which carried cms cytoplasm, but there were no such DNAs present in preparations of the normal strain and the revertants (Fig. 1) . In addition to the ccc form of B-1, an open circular (oc) form and also apparently multimeric forms were detected by hybridization, to the B-1 probe (Fig, lb) , although small amounts of the oc and multimeric forms were hardly visible after staining of gels with ethidium bromide (Fig, la) . At least 50 pg of linear B-1 could be detected by the biotin-labeled probe in this experiment.
DNAs of high molecular weight from cms strains also hybridized strongly to the B-1 probe (Fig, lb lanes 4 , 5, 9,10; Fig. 3b lanes 8, 9) , while those from the normal strain and revertants hybridized to the B-1 probe to a lesser extent (Fig. lb lanes 6, 7, 8 ). This result indicates the presence of sequences homologous to B-1 in the mitochondrial DNA. Similar results were obtained in experiments with the B-2 probe (data not shown).
DNAs extracted from nuclei were similarly examined, with a mixture of probes B-1 and B-2 (Fig. 2 ). There were no DNAs of low molecular weight which hybridized to either the B-1 or the B-2 probe in preparations of nuclear DNA from the normal strain and from the revertants (Fig. 2b lanes 8, 9,10 ). However, oc forms of B-1 and B-2 were found to be present in cms strains, although their ccc forms were not detected ( Fig. 2b lanes 6, 7) . This result is more clearly apparent in Figure 3 where the nuclear and mitochondrial DNAs Fig. 2 . Electrophoresis of preparations of nuclear DNA, a, Ethidium bromide-stained gel. b, Southern bolt of the same gel after hybridization with a mixture of probes B-1 and B-2. 1, Marker DNA, as in Fig. 1 ; 2, B-1(ccc+oc) from cms; 3, B-2 (ccc+ oc) from cms; 4, B-1(l) from the clone; 5, B-2(l) from the clone; 6-10, preparations of nuclear DNA from (cms-boro) r f 1r f 1 (6), (cms-boro)R f 1R f 1 (7), (n-born) r f 1r f 1(8), revertant 80-1(9) and revertant 81-3(10). About 2 pg of DNA were loaded on the gel in lanes 6-10.
were run in adjacent parallel lanes.
Sequences homologous to B-1 and B-2 in mitochondrial DNA DNA extracted from mitochondria was digested with BamH I, EcoR I or Hind III (see below), fractionated by electrophoresis on an agarose gel, transferred to a nitrocellulose filter and hybridized with the B-1 or the B-2 probe, or a mixture of the two probes. In the case of mitochondrial DNAs from cms strains, DNAs of high molecular weight, free of plasmid DNAs were used (see Fig. 1b lanes 9,10) . Figure 4 shows the results of Southern blotting of mitochondrial DNA digested with EcoR I and probed with B-l. Digestion of mitochondrial DNA from cms strains produced at least four fragments homologous to B-1, while digested DNA from the normal fertile strain lacked one of the four fragments.
The fragment which was absent from the DNA of the normal strain was the most strongly labeled of the four fragments in the cms strains and was of nearly the same length as the B-1 sequence. Any possibility that the fragment might be derived from a linearization of contaminating B-1 could be ruled out, since preparations purified free of the plasmids were used, and digestion of the same preparations with Hind III, which did not cleave B-1, gave no such fragment (Fig. 5b lanes 4, 5) . Similarly, after digestions with Hind III (Fig. 5) , with Hinc II and with BamH I (data not shown), one or two fragments of the DNA from the cms strains, Fig. 3 . Electrophoresis of mitochondrial and nuclear DNA from cms strains, a, Ethidium bromide-stained gel. b, Southern blot of the same gel after hybridization with a mixture of probes B-1 and B-2. Lanes 1-5, as in Fig. 2 ; Lanes 6 and 7, preparations of nuclear DNA from (cms-boro) r f 1r f 1(6) and (cms-boro)R f 1R f 1(7) ; Lanes 8 and 9, preparations of mitochondrial DNA from (cms-boro)r f 1r f 1(8) and (cms-boro) Rf1Rf1(9).
About 2 ~Cg of DNA were loaded on the gel in lanes 6-9. Fig. 4 . Localization of B-1 sequences among electrophoretically separated restriction fragments produced by digestion with EcoR I of mitochondrial DNA from male sterile, fertile and cytoplasmically reverted rice, a, Ethidium bromide-stained gel. b, Southern blot of the same gel after hybridization with a B-1 probe. 1, Marker DNA as in Fig. 1 ; 2, B-1(l) from the clone; 3, B-2(l) from the clone; 4-8, EcoR I digests of mitochondrial DNA from (cms-boro)rf1rf1 (4), (cms-boro)Rf1Rf1 (5), (nboro)rf1rf1(6), revertant 80-1(7) and revertant 81-3(8). Mitochondrial DNAs from cms strains were freed of low molecular weight DNAs (lanes 4 and 5). About 2 pg of DNA were digested and loaded on each lane of the gel without any further purification (lanes 4-8). which hybridized to B-1, were missing in the normal strain. All the cytoplasmic revertants produced the same patterns of hybridization as the normal strain ( Fig. 4b lanes 6, 7, 8 ; Fig. 5b lanes 6, 7, 8 ).
In the case of sequences homologous to B-2, digestion by EcoR I of mitochondrial DNA from cms strains gave at least five, distinctly labeled bands (Fig. 6b lanes 4, 5) . The digestion of DNA from the normal strain produced as much of one particular fragment as did digestion of DNA from the cms strains, but the remaining four fragments were present at much lower levels or were undetectable ( Fig. 6b lane 6 ). Once again, DNA from revertants gave the same pattern as the normal DNA (Fig. 6b lanes 6, 7, 8 ).
Sequences homologous to B-1 and B-2 in the nuclear genome Sequences homologous to B-1 and B-2 were also present in the nuclear chromosomal DNA. Digestion by EcoR I of nuclear DNA from cms strains produced at least six fragments which hybridized to B-l, while five fragments homologous to B-1 were detected in nuclear DNA from the normal strain and the revertants (Fig. 7) . Three weakly labeled fragments (arrows in Fig. 7b ) were conserved in digests of nuclear DNA from both cms and normal strains and from revertants.
In the normal strain and in the revertants, three fragments which were distinctly labeled in digests of nuclear DNA from cms strains were missing, but two new fragments appeared.
With regard to sequences homologous to B-2, a number of fragments were labeled to varying extents when nuclear chromosomal DNAs were digested with EcoR I. At least six bands were identified in common in DNAs from cms strains and from the normal strain or revertants, with additional three bands identified exclusively in DNAs from cms strains (Fig. 8) . gel, b, Southern blot of the same gel after hybridization with a B-2 probe. Lanes 1-9, as in Fig.  6 . About 3 pg of DNA were used, as in Fig. 7 (lanes 4-8) .
DISCUSSION
The two species of DNA of low molecular weight, B-1 and B-2, were initially found in mitochondrial preparations from the callus derived from the original cms strain, since only a few seeds of the strain were available (Yamaguchi and Kakiuchi 1983) . We examined the plasmids in extracts of whole plants. When DNAs extracted from mitochondria of etiolated shoots were analyzed by density gradient centrifugation and electrophoresis on agarose gels, two supercoiled circular DNAs, characteristic of B-1 and B-2, were detected in the cms strains, but not in the normal strain or in the revertants (data not shown). The rice seedling is rather hard to crush, and crushing results in some damage to the mitochondria and to nuclei, whereas callus cells can be disrupted more easily. Moreover, it is laborious and difficult to obtain a large number of seeds of a male sterile strain. Thus, we used callus cells in all experiments, on the assumption that the structural features of B-1 and B-2 in callus do not differ from those in whole plant.
Isolation of plasmid-like mitochondrial DNA, in linear or circular form, from many species of plant has proved very useful for genetic research in plants, since it has permitted the characterization of DNA from the plant organelles, and such DNAs have the potential of serving as vectors in genetic engineering in plants. In S-type maize, the linear plasmids, S-1 and S-2, which have ends with inverted repeats, are present in cms strains in a severalfold molar excess over other single-copy species of mitochondrial DNA. This observation suggests that they are replicated independently of the major mitochondrial genome (Kemble and Thompson 1982) . Normal cytoplasms contain sequences similar to the S-1 and S-2 DNA in the main mitochondrial genomes (Lonsdale et al. 1981) . The molecules may behave as transposable elements, mediating the rearrangements of mitochondrial DNA which are observed upon reversion to fertility.
The finding of similar DNAs, B-1 and B-2, in a cytoplasmic male sterile strain of rice established the universal nature of mitochondrial DNA in cms strains of gramineous plants. It is of particular interest that the plasmids in rice are circular molecules.
Although one form of male sterility in maize undergoes spontaneous reversion to male fertility at high frequency, no such spontaneous reversions have been reported in rice. We used mutagens to induce fertile revertants from the (cms-boro) rf irf i strain of rice. Although gamma-rays and acridine orange have induced no reversions so far, cytoplasmic revertants were obtained when seeds of this strain were treated with EMS. EMS is a wellknown chemical mutagen which induces point mutations via alkylation of DNA. The specificity of this mutagen in the alteration of cytoplasmic factors in this case should be noted. However, it is possible that a mutation in mitochondrial DNA or in nuclear chromosomal DNA might cause a rearrangement of the DNA to induce the reversion.
The finding of the oc form of the plasmids in the nuclear fraction of cms strains is of interest, since no such plasmids were found in the normal strain . However, this result may be explained by the fact that sequences homologous to the plasmids were found to be present in nuclear chromosomal DNA. The presence of the oc form of B-1 and 13-2 cannot be due to contamination by mitochondrial DNA in the nuclear fraction because the ccc forms of B-1 and B-2 were not detected. However, it is not clear at present whether the plasmids existed in nuclei as the ccc forms which nicked to the oc forms during nuclear DNA isolation. Revertants showed the same profiles as the normal strain, with a complete loss of the plasmids from the nuclear fraction as well as from the mitochondria.
However, cytoplasmic male sterility may not necessarily be associated with the presence of the free plamids, either in mitochondria or in nuclei, since these plasmids may exist independently of the presence or absence of nuclear fertility-restoring genes. In maize, spontaneous reversion to fertility correlates with loss of the free plasmids present in the cms strains (cf. Schardl et at. 1985) . Analysis with restriction enzymes of the mitochondrial DNA from revertant cytoplasms revealed distinct alterations associated with sequences homologous to S-2 in the mitochondrial DNA. These alterations result from either the integration of S-2 or the rearrangement of sequences homologous to S-2 (Levings et at. 1980) . Although the involvement of integration or recombination as a causal factor in cytoplasmic male sterility has nowhere been established, recombinations are repeatedly observed in cms strains and may be somehow involved in male sterility by creating novel open-reading frames or by altering the replication of mitochondrial DNA (cf. Mulligan and Walbot 1986). Linearization of the mitochondrial genome by recombination of S-1 and S-2 with homologous sequences present on the circular chromosomes has been reported in cases of reversion of S-type cytoplasms to fertile forms (Schardl et at. 1984) .
Our experiments in rice clearly showed that the reversion of male sterility to the fertile condition was accompanied by the disappearance of the free plasmid DNAs, B-1 and B-2, and the appearance of new patterns of restriction fragments of mitochondrial or nuclear DNA with respect to sequences homologous to B-1 and B-2. However, no evidence was obtained to support the possible integration of B-1 or B-2 into the mitochondrial or nuclear DNA during the reversion. Hybridization revealed several regions of homology, in both mitochondrial and nuclear DNA, common to the sterile strains and to the fertile revertants, but several homologies observed in the cms strains were no longer present in the fertile revertants.
Thus, cms strains contained more homologous sequences in terms of both number and quantity of homologous regions than the normal strain or revertants.
The presence of sequences homologous to B-1 and B-2 in the mitochondrial DNA of the normal strain may mean that the plasmid DNAs could have arisen from the mitochondrial genome by excision, and have then been autonomously replicated and subsequently integrated into various sites on the mitochondrial genome, as transposable elements. These specific events might be associated with the origin of the cytoplasmic male sterility of rice. Recombinations or rearrangements of the mitochondrial genome during the reversion might be the cause of the different restriction patterns of DNA from cms strains and from revertants. Kadowaki et al. (1986) reported differences in the restriction patterns of mitochondrial DNA from normal and cms strains of rice, which indicated that some alterations in the mitochondrial genome are responsible for the male sterility.
Hybridization data revealed the presence of common DNA sequences in the rice nuclear and mitochondrial genomes. Homologous nuclear and mitochondrial DNA sequences have also been reported in maize (Kemble et al. 1983 ). The episomal plasmids, B-1 and B-2, may have left the mitochondria of cms strains and entered the nucleus where they were transposed into the genome. This possible movement of genetic information from the mitochondria to the nucleus via episomal DNAs would not be expected in the normal strain or in the revertants, since no B-1 and B-2 plasmids were detected. However, a transient production of these elements remains a possibility. The B-1 and B-2 sequences in nuclear DNA may perhaps be able to serve as vectors of the free plasmids for transformation in rice, since it may be possible to integrate foreign DNA into the genome by transposition or recombination of the homologous sequences. The presence of the free plasmids, B-1 and B-2, and the characteristics of the organization of the mitochondrial and nuclear genome did not affect the ability of the plant to produce functional pollen when the nuclear background contained the nuclear restorer genes. However, both the disappearance of the free plasmids and the rearrangements in the mitochondrial DNA of high molecular weight or in the nuclear DNA, with respect to B-1 and B-2 sequences, were involved in the reversion to fertility, and these events are indicative of some correlation between the organization of these sequences and cytoplasmic male sterility in rice.
